Summary. Plasma and pituitary concentrations of LH, FSH and prolactin were determined by radioimmunoassay in 2-month-old (young) and 16\p=n-\20-month-old (old) C57BL/6 mice. There were no statistical differences in hormonal levels between aged females in oestrus (those exhibiting a copulatory plug) and those in constant dioestrus. In the old females plasma levels of LH (P < 0\m=.\002) and FSH (P < 0\m=.\001) were significantly elevated, while levels of prolactin (P < 0\m=.\001)were significantly depressed when compared with those from young animals. Pituitary homogenates from old females also contained more gonadotrophins (P < 0\m=.\001)and less prolactin (P < 0\m=.\001) than those of the young females. A radioreceptor assay utilizing a plasma membrane of luteinized rat or mouse ovaries indicated that LH from 2-month-old animals bound better to ovarian receptors (P < 0\m=.\05)than did LH from old mice, although radioimmunoassay of the same samples gave higher ( P < 0\m=.\01)plasma LH levels for the old mice. Since the radioreceptor assay is considered to be a more sensitive test for biologically active LH, the results from these two types of assays suggest that there may be an alteration in the mouse LH molecule with age.
Introduction
After reaching sexual maturity, female rodents exhibit a period of maximum fecundity until their 4th to 6th litters, depending upon the strain and species of animal. Each animal then normally enters a reproductive phase in which the size of the Utter becomes progressively smaller as the animal ages, until no young are produced. In C57BL/6 mice a decline in litter size is readily apparent by 12 months of age, and most animals by the age of 16 months are incapable of bearing young (Harman & Talbert, 1970; Talbert, 1971) . All organs of the reproductive system have been implicated as the prime organs for initiating a decline in the litter size of laboratory rodents (for recent reviews see Peluso, 1976; Steger, 1976; Finch, 1977 Finch, , 1978 Talbert, 1977 Talbert, , 1978 Soriero, 1978; Meites, Huang & Simpkins, 1978) . The hypothalamic-hypophysial complex is thought by many researchers to be the primary cause of reproductive senescence (Aschheim, 1964/5; Labhsetwar, 1970; Howland & Preiss, 1975; McPherson, Costoff & Mahesh, 1977; Huang, Steger, Bruni & Meites, 1978; Riegle & Miller, 1978) , although others consider an ageing ovary which is no longer capable of responding to or secreting hormones largely to blame (Thorneycroft & Soderwall, 1969; Blaha, 1970;  Gosden, 1975 ; Leathern & Murono, 1975; Chan & Leathern, 1977) . The advent of techniques for the radioimmunoassay of hormones has led to studies on aged laboratory rats to determine which part of the reproductive system is influenced first or to the greatest degree by the ageing process (Howland & Preiss, 1975; McPherson et al, 1977; Huang et al, 1978; Riegle & Miller, 1978) . In contrast, with the exception of a few recent reports, little research of a similar nature has been done on ageing mice (Gosden, Jones & Jacks, 1978; Holinka, Tseng & Finch, 1978; Parkening, Lau, Saksena & Chang, 1978) . The present study was therefore conducted to determine plasma and pituitary concentrations of LH, FSH and prolactin in 2-month-old and 16-20-month-old C57BL/6 mice and to compare these hormonal levels with those previously reported in the senescent rat.
Materials and Methods
The C57BL/6 mice were acquired from the NIH (pH 7-6) . The ovaries and adrenals were also removed, weighed and fixed in Bouin's fluid or 10% neutral formalin. Of those females which mated, the oviducts were excised before the removal of the ovary and placed in Hanks' solution containing 0-05% hyaluronidase. The ampulla of each oviduct was opened with dissecting needles to allow the eggs within the cumulus mass to exude into the medium for the subsequent dispersion of the cumulus cells. The ova were then mounted, fixed, stained and examined as previously described (Parkening & Chang, 1976 (Sinha, Selby, Lewis & VanderLaan, 1972 The intra-assay variation for prolactin was 9-9% and the sensitivity was 0-2 ng/tube.
Radioreceptor assayfor LH
A crude plasma membrane fraction was prepared from ovaries of Wistar rats (50-70 g) or pseudopregnant mature random-bred mice according to the procedures of Lee & Ryan (1972) . The final plasma membrane pellets containing the ovarian receptors from rat or mouse ovaries were diluted to a concentration of 10 mg equivalents wet ovarian weight/100 µ , snap frozen in 0-2-0-5 ml aliquots, and stored at -20°C until used (2-3 weeks). The incubation media used for the binding assay contained 100 µ mouse plasma or 200 µ of a 1:10 pituitary dilution (in duplicate), iodinated rat LH (Lee & Ryan, 1973) totalling approximately 20 000 c.p.m. and 5 mg equivalents of the receptor fraction. The final volume was adjusted to 1 ml with the addition of 0· 1% BSA-Tris buffer. The assay was incubated in a Dubnoff shaker at 4°C for 48 h and the plasma membranes were recovered by centrifugation (5000 g for 15 min). The pellet was care¬ fully washed, recentrifuged, and the same process repeated before it was counted for radio¬ activity in a Packard Tri-carb Spectrometer (70% efficiency). Total binding was 34% of the radioactivity added to the incubation mixture, with non-specific binding to the membranes constituting less than 1% of the total counts. Serial dilutions of mouse plasma and pituitary supernatants paralleled those in standard curves generated against the NIAMDD LH-I-4 reference preparations in the rat and mouse receptor systems. Concentrations of LH were expressed in terms of ng equivalents of NIAMDD LH-I-4/ml plasma or µg pituitary wet weight. All samples were processed in the same assay and the intra-assay variation was 9-3%.
Ovarian histology
Ovaries embedded in paraffin wax were serially sectioned (5 µ ) and stained with haematoxylin and eosin or PAS. Sequential sections of ovaries selected from 9 young and 16 aged females were examined and the total numbers of ovarian oocytes (excluding those in primordial follicles) were counted. The oocytes were classified according to Pederson & Peters (1968) , except that type 5b follicles (no antrum), which they considered as large follicles, were included in the medium category in this study.
Statistical analyses
Comparisons of mean organ weights and mean concentrations of hormones were made using Student's t test. Statistical significance was determined at the 0-05 probability level.
Results
The young females were significantly lighter in body weight than older females (Table 1) 24 21-0 ±0-3 6-9 ± 0-4 1-7 ±0-3 6-8 + 0-2 32-7+1-7 7-9 ±0-3 32-3 ±1-1 oestrous 16-20months 27 23-7 ± 0·4 5-2 ± 0-3f 1-8 ±0-3 8-0 ± 0-3f 21-9 ±1-4+. 7-6 + 0-2 33-8 ± 1-2 oestrous Constant 38 24-3 ± 0·3 4-9 ± 0·2 1-7 + 0-3 7-9 + 0-2f 21-0 ±1-0+. 
Significantly different compared with values for 2-month-old females: * < 0-005, t < 0-002, < 0001.
To assess the biological activity of the LH measured by radioimmunoassay, the binding of plasma and pituitary LH to ovarian receptors was examined using the procedure of Lee & Ryan (1972 (Table 6 ). In the plasma and pituitary samples there was a trend in which the radioreceptor to radioimmunoassay ratio decreased with increased age (Table 6 ). 
Discussion
In an initial study (Parkening et al, 1978) there were no differences in the plasma levels of circulating LH in 3-5-month-old and 12-15-month-old pregnant C57BL/6 mice. However, in a second study (unpublished data) Riegle & Miller, 1978) . The higher prolactin levels in some old rats, particularly anoestrous females, apparently result from pituitary tumours which are thought to be responsible for altering hypothalamic mechanisms which cause a reduction in gonadotrophin secretion Meites et al, 1978) . Finch et al. (1977) have shown that the reproductive hormonal levels of ageing male C57BL/6 mice are also considerably different from those of ageing male rats.
In the present study it has been assumed that the metabolic clearance rates of gonadotrophins are similar in 2-month-old and 16-20-month-old mice. Previous studies have shown that the metabolic clearance rates of LH and FSH are similar in pre-and post-menopausal women (Köhler, Ross & Odell, 1968; Coble, Kohler, Cargille & Ross, 1969) , indicating that the elevation of gonadotrophins in post-menopausal women results from differences in the secretory rates of the hormones by the pituitary. The gonadotrophin and prolactin levels in plasma of C57BL/6 female mice paralleled those reported for peri-and post-menopausal women.
Differences in the secretion of oestrogen and elevated levels of FSH first appear in older mice (Parkening et al, 1978) , followed by a gradual elevation of LH in some females still capable of producing young (unpublished) . A similar pattern of hormonal secretion has been detected in plasma of women just before the menopause (Sherman, West & Korenman, 1976; Reyes, Winter & Faiman, 1977) . In post-menopausal women, circulating gonadotrophins rise, FSH to a greater extent than LH, while prolactin levels become lower and there is a concomitant decrease in oestrogen and progesterone levels (Scaglia et al, 1976; Reyes et al, 1977) . Climacteric symptoms in pre-menopausal women 35-39 years of age have been attributed to lower levels of oestrogen and elevated levels of LH (Abe et al, 1977) . While oestrogen concentrations were not analysed in the present study, it can be assumed that such levels were low because of the depressed levels of prolactin. Oestrogens are known to be potent stimulators of prolactin secretion in man (Yen, Ehara & Siler, 1974) and rat (Chen & Meites, 1970; Ajika, Krulick, Fawcett & McCann, 1972; De Lean, Garon, Kelly & Labrie, 1977) . The low levels of plasma prolactin in senescent mice are probably an indication that circulating progesterone levels are also low, since prolactin has been reported to be essential for maintaining progesterone secretion in the rat (Meites et al, 1972) .
The pituitary hormone contents observed may not be a true reflection of their values since the stored hormone may be different from the secreted form (Bogdanove & Nansel, 1978) . However, the rise in pituitary gonadotrophins and the fall of pituitary prolactin in older mice do coincide with similar changes occurring in the plasma of the same animals.
The presence of "wheel cells" or "deficiency cells" in ovaries of ageing rodents has been taken a priori to mean that these animals have depressed levels of gonadotrophins (Gosden et al, 1978) . In the present study the morphological appearances of interstitial cells in the medullary portion of aged ovaries were similar to those described by Green (1957) (Steger, Peluso, Huang, Hafez & Meites, 1976; Erickson, Hsueh & Lu, 1979) . It is possible that the receptors lose their sensitivity with increasing levels of gonado¬ trophins. Green (1957) (Cheng, 1976 (Rao, 1979) and the synergistic relationship of oestradiol, FSH and LH acting at specific times on target tissues could increase or decrease receptors of these hormones (Richards, 1979 Schwartz, 1978) . A reduction of ovarian follicles with the subsequent lowering of fluid inhibin has been postulated as a cause for elevated levels of FSH in post-menopausal women (Sherman & Korenman, 1975; van Look, Lothian, Hunter, Michie & Baird, 1977) . With the corresponding reduction of follicles in the ageing mouse ovary, a similar interruption of the feedback mechanism may exist.
While the technique of radioimmunoassay of gonadotrophins is very sensitive and can readily distinguish between LH and FSH, it has been recognized that iodination damage of hormones can provide an over-estimation of the biologically active hormone. The radioreceptor assay is considered to be highly sensitive and able to discriminate between the damaged and undamaged hormone, and is also in close agreement with the ovarian ascorbic acid depletion assay for LH potency (Lee & Ryan, 1972 . The significantly lower binding of LH to corpora lutea using the radioreceptor assay when testing 16-20-month-old (Rothstein, 1979) . Another possibility is that a large molecular form of LH (possibly representing biosynthetic precursors of LH) may be released by the ageing pituitary as has been reported for thyrotrophin in older rats (Klug & Adelman, 1977 (Sherman et al, 1976; Scaglia et al, 1976; Reyes et al, 1977) reflects an alteration of the molecule.
While there are considerable species differences between rats and mice and man, it appears that the hormonal changes occurring in the senescent C57BL/6 mouse more closely parallel those in post-menopausal women than do those reported for the ageing rat. This strain of mouse may prove to be a better animal model than the rat for investigating ageing pituitary and hypothalamic changes in man.
